The laser-ultrasonic technique is a promising tool in the field ofthe mechanical characterization of materials [ 1 ,2] . The use of a Iaser is associated to three temporal convolutions related to the source parameters (the spot size, the pulse duration and the wavelength ofthe excitation) [3, 4] . Fora given wavelength, the evaluation ofthe mechanical properties oflow-damage threshold materials in the thermoelastic regime, requires a compromise between the space distribution and the pulse duration of the excitation. An enlargement of the spot or an increase of the pulse duration introduces delays on the arriving times of the acoustic waves and consequently affects the accuracy of the velocity measurement. In the case of a non-metallic material, a third effect related to the optical penetration might be considered
INTRODUCTION
The laser-ultrasonic technique is a promising tool in the field ofthe mechanical characterization of materials [ 1 ,2] . The use of a Iaser is associated to three temporal convolutions related to the source parameters (the spot size, the pulse duration and the wavelength ofthe excitation) [3, 4] . Fora given wavelength, the evaluation ofthe mechanical properties oflow-damage threshold materials in the thermoelastic regime, requires a compromise between the space distribution and the pulse duration of the excitation. An enlargement of the spot or an increase of the pulse duration introduces delays on the arriving times of the acoustic waves and consequently affects the accuracy of the velocity measurement. In the case of a non-metallic material, a third effect related to the optical penetration might be considered
In order to increase the precision of the velocity measurement in these conditions, we have to correct the effects ofthe source parameters. In this paper, we present an analysis of the three temporal convolution effects on the accuracy of the velocity using a two dimensional model [5] . We also propose a correction technique that allows us to obtain convolution-free velocities. Elastic constants are determined using the convolution-free velocities. In order to take into consideration the effect of the optical penetration, we have performed two experiments, one on a weakly absorbing sample and the second on a strongly absorbing one, at 1064 nm.
BACKGROUND ON LASER GENERATION OF ULTRASOUND IN A THERMALLY NON-CONDUCTING MATERIAL
In thermally non-conducting materials (like glasses, ceramies and polymers ), the temperature elevation field is dictated by the optical absorption [5] Fora given material and a given observation point, the temporal profile ofthe generated mechanical displacements results from temporal convolutions between the spot size, the pulse duration and the optical penetration. The displacement field can be expressed as follows:
where: ß is the absorption coefficient, CJ the radius at IM of a spatially gaussian irradiation, 't the rising time ofthe laser-pulse. * is the convolution symbol.
A 2-d model recently developed in our laboratory [5] , calculate the displacement field with very satisf:Ying accuracy and calculation time. It is very adequate for our parametric studies. In this model the temporal convolutions are represented by three nondimensional parameters:
't I tt d is the sample thickness and t1 the longitudinal wave arriving time. Consequently, the arriving times and the accuracy ofthe acoustic velocities are functions ofthese three parameters.
ANALYSIS OF THE CONVOLUTION EFFECTS ON THE ACCURACY OF THE ACOUSTIC VELOCITIES (4)
The figures Ia and Ib represent respectively the additional error I:N (%) introduced V in the longitudinal and the shear velocities as a function of the spot size for given pulse duration and optical penetration. Two behaviors are clearly observed, the first, for the pointlike sources (d I CJ ~ IO ), negligible additional error is noted. The second for large sources, the introduced error becomes more and more significant with the spot size. Maximum of I. 8 % for the longitudinal velocity and I5 % for the shear velocity are noted.
(b} The additional error !N (%) introduced in the longitudinal and the shear velocities V as a function of the optical penetration and the pulse duration for a given spot size is presented in figure 2 . Once again, two behaviors are clearly observed, the first one for the weak optical penetrations (d I ö ~ 150), negligible additional error is noted. The second for the high optical penetrations, the introduced error becomes more and more significant with the increase of the optical penetration and particularly for long pulse durations. .... 
CORRECTION OF THE CONVOLUTION EFFECTS
When the convolution effects are too significant to be neglected, we have to correct them in order to make highly accurate velocity measurement. The first solution consists in optimizing the source parameters, this means, a point-like irradiation with very short pulse duration and a laser wavelength that makes the optical penetration effect negligible This technique allows an accurate measurement ofthe velocity but it has two major drawbacks. The first one is the increase of the power density on the surface of the sample which leads to a surface damage. When buried thermoelastic sources are activated, a bulk darnage might be induced. The second disadvantage is the necessity of changing the laser wavelength to make the optical penetration effect negligible
The second solution consists in performing a nondestructive measurement of the velocity (in the thermoelastic regime) and adding a numerical correction ofthe convolution effect. To develop this approach, we have established a relationship between the measured arriving times t1 and t. and the convolution-free arriving times (tt)o and (t,)o as follows
a and b are two correction factors evaluated using the 2-d model described above The corresponding convolution-free velocities are:
The elastic constants are deduced from the Christoffel equations using the convolution-free velocities.
EXPERIMENT
The generation Iaser was a monomode pulsed Nd-Y AG Iaser (1 064 nm). The gaussian radius was 1.5 mm and the pulse duration 20 ns. The experimental setup is represented in figure 3 . The displacements were detected on the rear side of the sample using an optical heterodyne interferometer. In order to take into consideration the optical penetration effect, we have performed two experiments, one on a strongly absorbing material (BG-18 glass, 30981J.m thickness) with an optical penetration depth of 108 IJ.m at 1064 nm, the second on a weakly absorbing material (NG-11, 30991J.m thickness) with an optical penetration depth of 1900 IJ.m at 1064 nm. Wehave also reported the results concerning the weakly absorbing sample (NG-11 glass), after correction, the velocities and the elastic constants arealso in good agreement with those measured by the pulse-echo method (table 2) .
CONCLUSION
The analysis ofthe source parameter effects on the acoustic waves' arriving times reveals a third convolution effect related to the optical penetration. Significant delays can be introduced in the arriving times particularly for high optical penetrations. Consequently the accuracy ofthe velocity is affected. A numerical technique based on a parametric formulation approach was proposed to correct those effects. The ultrasonic velocities and the elastic constants ofa strongly absorbing material (BG-18) and a weakly absorbing one ( NG-11) have been measured using this approach. Results have been successfully confronted to data obtained by the pulse echo-method. This approach is particularly interesting for industrial applications when the measurement has to be repeated at the same spot or performed on low damage-threshold materials (like polymers or polymeric matrix composites). In our future work, weintend to apply this approach to recover the elastic constants ofan anisotropic and low-damage threshold material (the graphite epoxy composite).
